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It is undeniable that sex differences in behavior exist
and that they can be measured using a range of psy-
chophysical tasks and questionnaires. We can’t deny
either that we tend to forget that those measured differ-
ences are differences between the mean values of the
scores that, although significant, are always of very
small magnitude, and importantly, that the distribu-
tions of the scores for women and men overlap greatly
[1,2]. Attention to the differences between means,
while ignoring the amount of overlap of the distribu-
tions, leads to exaggeration of sex differences and
oversimplifies the scientific evidence. Furthermore,
any differences might depend merely on differences
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A recent upsurge in unitary biological explanations for gender differences in behavior (i.e. that
they are “hard-wired” in the genetic code), put forward not only in books written for a general
audience but also in scientific papers, makes it important to examine the fallacies of these ideas.
Such genetic and hormonal explanations of human behavior, formulated with little consideration
of the influences of experience, and often without taking experience into account at all, are part of
a new wave of genetic explanations for a broad range of human behavior, as explained in the
paper. These ideas are far from new; moreover, they are pseudoscientific and are used for politi-
cal influence under the guise of science. They are a conservative social force that maintains social
and educational inequalities between women and men. This paper explains that causal explana-
tions of differences between the sexes are of two completely different types: unitary (genetic
determinist) versus interactive explanations. The false reasoning used to support genetic deter-
minist explanations of sex differences in behavior is discussed. To illustrate what biology really
tells us about gender differentiation, the paper discusses the interactive roles of genetic, hor-
monal and environmental influences on the development of gender differences. These interac-
tions are illustrated using two model biological systems (e.g. the intertwined influences of genes,
sex hormones and experience on the development of sex differences in behavior in rats, and sex
differences in neuronal connections in chickens). There is plenty of scientific evidence to show
the complex interactive, and ever changing, influences of experience and genes that take place as
an organism develops and throughout its life. Malleability of brain and behavior can be shown
clearly using animal models, and the processes involved apply also to the development of brain
and behavior in humans. We diminish our understanding of the functions of a host of contribut-
ing factors to gender differentiation by parceling out the largest portion of control to the genes.
The biology and behavior of humans is dynamic and flexible and need not restrict women to
inferior positions in society.
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in the ways in which women and men react to the
testing procedure (e.g. the person administering the
test or the place where the testing takes place), rather
than provide evidence of task-specific differences be-
tween the sexes. This is rarely, if ever, considered and
can lead to incorrect interpretations of results, espe-
cially by those, often inadvertently, concerned with
maintaining the status quo, which still largely denies
women equality with men, despite the rhetoric even
in so-called egalitarian countries.
Nevertheless, as I have already stated, sex differ-
ences in behavior do exist. Therefore, it is of interest to
discover what causes them.
Causal explanations of differences in behavior be-
tween the sexes are of two radically different types:
unitary and static explanations versus interactive and
dynamic explanations. Unitary explanations claim that
behavioral differences between women and men are
caused by the expression of genes, usually acting via
the sex hormones. In other words, the sex differences
are said to be determined by the genes. Higher level
accounts of sex differences in behavior and social posi-
tion are reduced to accounts at the molecular (genetic)
level and sex differences are said to be “hard-wired”,
“a blueprint”, “innate” or “essential”. It is argued that
genes located on the X and Y chromosomes control a
broad range of behavior and have been selected over
evolutionary time so that the end result is a fixed dif-
ference in the behavior of women and men. This view
is static because it seemingly explains the division of
roles between women and men in modern society
and sees no potential for change, apart from the slow
processes of evolution. Put simply, raising girls and
boys in different environments with different learning
experiences would, according to this view, not remove
these basic differences between the sexes. Hence,
these explanations ostensibly give biological reasons
for inequalities in society, thereby legitimizing social
oppression, and argue against the possibility of social
change.
Interactive explanations take experience into ac-
count by recognizing that, during every stage of devel-
opment, contributions from experience, genes and
hormones interact in complex ways, so that not one
of these three influences makes an over-riding contri-
bution to sex differences. Examples of interactive pro-
cesses will be given later.
In other words, the differences between these two
explanations are not simply a matter of nature versus
nurture because interactive explanations do not deny
contributing effects of the genes and hormones, but
take into account that their expression is influenced by
experience, and moreover, that they too influence ex-
perience [3–5]. Interactive explanations are also dy-
namic in that they recognize potential for change and
the continual variation that occurs as an organism
responds to its environment.
GENETIC DETERMINIST EXPLANATIONS OF
SEX DIFFERENCES IN BEHAVIOR
With the rise of sociobiology and molecular genetics,
and with the sequencing of the human genome, it has
become popular to claim that there are genes for a
wide range of human behavior. For example, Hamer
and Copeland have claimed that genes determine in-
telligence, addiction to various drugs, core personal-
ity traits, homosexuality, even homelessness, and of
course, sex differences in behavior [6]. I call this the
“genes for everything” hypothesis. These authors are
not alone in holding these views [7,8]. Almost daily, we
hear of the discovery of a gene for this or that aspect
of human behavior, and invariably, it means that so-
ciopolitical reasons for human behavior are denied,
leaving governments with perfect excuses not to spend
money on removing disadvantages and social injus-
tices. A recent example is a gene, referred to as “the
warrior gene”, on the X chromosome, that is said to be
associated with gang membership and use of weapons
[9]. To claim that a gene is the cause for such behavior
makes a biological excuse for a social problem. It re-
moves the explanation for violent gang behavior from
the sociopolitical arena and lays blame on individuals
rather than the social system. These ideas of genetic
causation are pontificated as scientific, and hence are
promoted as being of greater value than sociological
explanations. However, they are in fact pseudoscien-
tific, and formulated without a good scientific basis
but rather with sociopolitical goals in mind [5,10]. That
is, they are used for social and political influence under
the guise of being science. Similar crudely ideological
claims have been made about the claimed genetic
causes of differences in intelligence between racial
groups [11,12].
It is common for the media and popular books to
promote genetic/hormonal explanations of sex dif-
ferences in behavior, often to the point of absurd
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oversimplification of biological processes. Brizendine’s
recent book The Female Brain [13], Baron-Cohen’s book
The Essential Difference: Men, Women and the Extreme
Brain [14] and Blum’s book Sex on the Brain [15] are
just three of a large collection of books promoting
unitary genetic and/or hormonal causation of the dif-
ferences between women and men. The message of
these books is that “genes cause behavior” or “genes
affect sex hormones and these cause behavior”. Baron-
Cohen believes that the female brain is “predomi-
nantly hard-wired for empathy” (i.e. recognizing the
emotions expressed by others) and the male brain is
“hard-wired for understanding and building systems”
[14]. He puts forward the idea that these so-called core
differences underlie sex differences in spatial ability,
language and mathematical ability. Thus he claims
that one simple difference explains all. Brizendine
also believes that sex differences are hard-wired and
emphasizes the role of the sex hormones as mediators
of the genetic program for sex differences [13]. In fact,
she says that the “marinade” of sex hormones deter-
mines a wide range of discrete differences between
men and women.
These unitary causal explanations have nothing to
do with the biological processes involved in differenti-
ation of sex and gender. The biological processes are
much more complex than implied by these explana-
tions. Nevertheless, regardless of their incorrectness,
these simplified, unitary explanations sell well in the
media, apparently because the general public craves
simple explanations. As a consequence of such atten-
tion being showered on these explanations, they have
considerable sociopolitical power and one can easily
see that such power is in the direction of not only
maintaining gender roles, but also of returning society
to earlier, more sharply divided sex roles.
Evolutionary psychology, in particular, promotes
genetic causes of sex differences in behavior. It alleges
that male–female differences were established in our
ancestors by genetic selection when humans were
hunter–gatherers. Accordingly, men were the hunters
and so needed to plan ahead, to form good mental
maps of where they might find animals to hunt, to
cooperate in hunting groups, and to develop good
throwing ability [16–19]. One step further brings us
to the hypothesis of Pinker [17], who claims that men
banded together to fight tribal wars because victory
led them to be able to rape women, so maximizing
their opportunities to pass on their genes to the next
generation. This fantasized idea has even been used
today to justify raping of women by men. Pinker is a
linguist who can tell a good story but he is not a bio-
logical research scientist. The pseudoscience and polit-
ical ideology of such evolutionary psychology is all
too clear.
Another idea is that language appeared first in
hominid males, due to a specific genetic mutation fol-
lowed by a transposition of that mutated gene into the
Y chromosome [20]. Thereafter, the hypothesis states,
this gene spread to both sexes because women found
men with the postulated language gene more attractive
than those without it. Not only is there no evidence of
a single gene that might be responsible for the evolu-
tion of language [21], but the proposed male prece-
dence in acquiring it is pure sexist fantasy.
It is not difficult to refute the pseudoscientific claims
of all of these ideas of evolutionary psychologists [22],
and to show that they are an ultra-conservative social
force that supports norms and values and aims to-
wards scrapping punishment for rape of women by
men, polygamy, violence and other misconduct on
the grounds that this behavior is consistent with male
biology.
WHAT EVIDENCE SUPPORTS GENETIC
DETERMINIST EXPLANATIONS OF SEX
DIFFERENCES?
The fact that genetic determinists claim that genes
cause sex differences in behavior does not mean that
there is any evidence that such genes exist and, even if
they did exist, there is no evidence that the expression
of single genes or even sequences of genes are involved
in direct causation of any of the behavioral differences
between the sexes, or that these genes are expressed
in most men or women. Of course, there are different
genes on the X and Y chromosomes and they might
well be expressed differently in men and women, but
that does not mean that they do so independently of
the effects of experience, which means that sex differ-
ences are not hard-wired.
One line of evidence use by genetic determinists in
support of their claim that sex differences are hard-
wired is the existence of sex differences in non-human
species. Based on the mistaken belief that learning/
experience is not important in the development of sex
differences in non-human animals, they assume genetic
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causation of sex differences in all species. In fact, the
development of sex differences in our close ances-
tors, the primates, and some other species are known
to develop as a result of the interaction of genes, hor-
mones and experience [4].
Another argument made to support the hard wir-
ing of sex differences is the existence of sex differences
across human cultures [13,14], but this too is not sub-
stantiated because learning and experience can be in-
variant and similar across cultures. Learned patterns of
behavior can be as resistant to change as any behavior
that might be coded in the genes. Only one exception
to the pattern is sufficient to throw the idea of hard-
wiring into doubt. For example, the claimed cultural
invariance of male superiority in spatial ability is un-
dermined by a study showing that Eskimo women are
superior to men in spatial ability [23,24]. This suggests
that superior spatial ability is not necessarily tied to
the male genome.
Third, early age of first appearance of sex differ-
ences is used as evidence of their hard wiring. How-
ever, this assumption ignores the fact that boys and
girls are treated differently from the moment of birth
(e.g. subtle differences in the way that the nursing
staff and parents interact with the newborn child).
Most studies that examine sex differences in behavior
test infants aged ≥1 year old; therefore, there is ample
time for experience to interact with the expression of
the genes. Parents are stricter with boys than girls
and, as one cross-cultural study has found, fathers
tend to differentiate between their sons and daugh-
ters more than do mothers [25]. Typical masculine be-
havior in boys tends to be enforced by punishment
and force, whereas girls are encouraged to adopt typ-
ical feminine behavior. Therefore, it is not surprising
that, as early as 2 years of age, boys show more ago-
nistic behavior than girls and, by just 1 year old, girls
show a greater capacity than boys to empathize. There
has been sufficient time to learn these sex-typical char-
acteristics under guidance, as well as active enforce-
ment, by parents and other people with whom the
child interacts.
There is little knowledge of the effects of experience
on the behavior of very young human infants and the
gaps in knowledge are often filled by simplistic claims
that the behavior is caused by the genes. More detailed,
and controlled, empirical research on the development
of behavior in non-human species has revealed that
the processes involved are far more complex than can
be accounted for by simple, reductionist explanations
[4,22].
INTERACTIVE EXPLANATIONS OF SEX
DIFFERENCES IN BEHAVIOR
A body of scientific evidence shows that the processes
of development are not as simple as genetic deter-
minist hypotheses imply. The processes involved in
the development and expression of behavior are much
more complex and they are interactive and ever chang-
ing. Experience and genes interact mutually and insep-
arably in the process of development of the brain and
behavior. Hence, it is not simply a matter of genes
determining behavioral differences.
Much of the evidence for this comes from research
on animals. For example, the behavior of adult male
and female rats is different in a number of ways. A
genetic determinist would say that these differences are
determined by the expression of genes that on the sex
chromosomes, but this explanation is incorrect. As
shown by Celia Moore, mother rats treat their male
and female offspring differently. They lick the anogen-
ital region of male more than female pups, and this
affects the development of sex differences in behav-
ior [26,27]. Moore has shown this in two ways. First,
by blocking the nostrils of the mothers so that they
were unable to smell the differences between their
male and female pups, the mothers licked the male
and female pups equally. Second, stimulation of the
anogenital region of the female pups was increased arti-
ficially using a paintbrush. Both treatments removed
the sex differences in behavior [28]. These experiments
and others have shown that, during normal develop-
ment, the genes of the male cause the secretion of
androgens, and their breakdown products are excreted
in the urine, which attracts the mother rat to lick the
anogenital region of the male more than the female
pups. This licking alters brain development and hence
different behavior is expressed. Hence, we can see
that genes play a role in determining sex differences
in behavior, but only by way of experience, and that
experience operates through the mother’s behavior.
It is a clear case of interaction between genes, hormones
and experience.
Another example of the interaction between genes,
hormones and experience comes from my own re-
search on the development of sex differences in the
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visual pathways of the chicken [4]. In the final stages of
incubation, the visual pathways of the chick embryo
develop connections to specific regions of the forebrain
and they do so in response to light exposure and the
level of sex hormones circulating in the embryo’s blood
stream, which in turn depends on the genetic sex of
the embryo. Genetic, hormonal and experiential (light)
influences interact in the process of developing the
visual connections. If no light exposure occurs, no sex
difference in their organization develops. If hormone
levels change, this too can change the development of
the sex differences.
These are just two examples to show that empirical
studies of the actual steps involved in development
can tell us which factors are important in the expres-
sion of sex differences and other behavioral differences.
They also show us that the assumptions of evolution-
ary psychology that simply say genes cause behavior,
without any regard to the developmental processes,
are naïve and incorrect.
CONCLUSIONS
The concept of a unidirectional pathway of causation
from genes through proteins to structure and behav-
ior has come from molecular biology, where it is the
central dogma of the field [29]. This view, adopted by
evolutionary psychologists, has been promoted as
the only correct explanation and it has marginalized
studies that have examined the interaction between
genetic and epigenetic (experience) influences on 
the development of behavior. Developmental biolo-
gists have shown us that multiple and reciprocal
influences take place between levels of organization
(genetic, neural, behavioral, social, etc.) on an organ-
ism’s development [30]. Neuroscientists show us that
the brain is malleable throughout life and is always
in dynamic interaction with its environment. Each
stage of development in humans and other animals
represents a dynamic interplay between the organ-
ism’s internal state and the external conditions [3].
Thus the processes involved in brain and behavioral
differentiation between the sexes are flexible and
open-ended.
Despite this evidence of interactive processes, some
scientists continue to hold great hope of finding sex
differences in the expression of genes in the human
fetus, as seen by the recent publication of a paper by
Reinius and Jazin [31], who have claimed to have
found a sex difference based on a comparison of
three female fetal brains with just one male fetal
brain. Clearly, with that very small sample size, these
scientists were cavalier to claim that a difference in
the expressed genes was “likely having functional
consequences for sex bias during human brain devel-
opment” [31]. This is another of the exaggerations that
I mentioned at the beginning. Time and time again,
we see such distortion of factual evidence to support
an ideological position and therefore hold women in
second place in society.
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